INTRODUCTION
The advantages of transmitting bulk power by a dc -superconducting cable has been described previously [1] . However, such a cable must operate reliably under system constraints, e.g., harmonics on the dc, system faults, and transient overvoltages. The behavior of a dc superconducting cable under dc harmonics and system faults has been reported in an earlier paper ' 21. This' paper discusses the theory 'of wave propagation in a multiconductor cable system and describes the response of a dc superconducting cable of a specific design to transient voltages. The effects of parametric changes in the system as well as in the cable design, including those of dc conventional cables, are discussed in a companion paper r3]. Figure 1 shows the dc superconducting cable of Los Alamos design. It consists of four concentric cylinders. The -innermost cylinder (conductor 1) carries the load current and consists of subcables made u'p of wires of muiltifilamentary Nb3Sn superconductor embedded in copper matrix. The second cylinder (conductor 2), which carries the return current, also consists of copper-stabilized multifilamentary Nb3Sn superconductor. The When a transient appears on conductor 1, multivelocity voltage waves will propagate along the four conductors and create voltage differences across each pair of conductors, caused by the disparity in the wave velocities that did not exist initially [4] . A flashover or puncture may occur between any pair of conductors if the voltage build-up across the conductor pair exceeds the dielectric strength of the space between them. The weak member of the system may be the evacuated space filled with multilayer thermal insulation within the cryogenic enclosure. Repeated punctures within this space could increase heat leak to the cable, reducing its efficiency.
METHOD OF ANALYSIS
Transient voltages on cable sheaths have been studied previously ' [5] - [15] . General studies on wave propagation in cables have al'so been made [16] - [23] . However, in all previous studies, the cable sheath was assumed to be solidly grounded at the terminals, with zero resistance between the sheath and the earth. In practical situations, there is always a finite resistance between the sheath and the earth at the terminals. This grounding resistance may significantly affect the wave propagation in the cable. Although resistivities of the conductors and of the earth have been considered in the analytical models of the previous studies, the sensitivity of the transient perfornance of a cable to these parameters has never been explicitly shown. .g21
.6g21 
Solution of Transmission-Line Equations
The Laplace transform of the transmission-line voltage equations can be written in matrix form as
[L] and [C] are the inductance and capacitance matrices of the n-conductor cable, and DO and [62] are given by (3).
The solution of (4) is given by (4) [
where
Each of the three exponential terms needs to be expanded by Sylvester's expansion theorem [25] ,
r-l 3r 3r r-;-l n1 n2 (6) [ The coefficients Prs are then given by Prn = zn(h/rno)/27TEn for r < n Pr(n-l) = Pnn + £n(rni/r(n-l)o)/2Tc(n -l) for r s(n-l) (14) 676 where The data put into the program are the number of conductors in the cable, their dc resistances and radii, the dielectric constants of the materials between the conductors, the known initial voltages, the distances between the center of conductors and earth, the earth resistivity, and the terminal resistances between the conductors and earth at x=.
The code includes a graphics package which plots two-dimensional graphs of the wavefronts at specified distances. 
DISCUSSION

Interpretation of Data
With reference to Fig. 3 (stainless steel) attenuates significantly with time. With increase in distance along the cable, the peak value of this wave increases, although the attenuation rate with time increases also. In general, the front time of the component waves increases with dis-tance along the cable.
The voltage difference between each pair of conductors can also be ascertained from Fig. 3 . At x = 1 km (Fig. 3b) The voltage stress across the cryogenic enclosure can be relieved by reducing the BIL (hence the steady-state voltage rating) of the cable. Other alternative solutions such as metallic shorts across the enclosure at regular intervals and design optimization in the cable and system can also reduce this voltage stress. Parametric changes in the cable and system are discussed in the companion paper [3-] .
Limitations of the Analysis
The 6-matrices were evaluated by considering only the first two terms of (1) and (2) in order to keep the analysis simple and manageable. As a consequence, this analysis is valid at the wavefront of transients. To provide definition to the valid time duration, extensive computations were carried out by comparing results from the first terms of (1) and (2), with those from the first two terms.
It was found that one of the eigenvalues (q3m) of the B2-matrix in (8) More terms of (1) and (2) should be included if computation at longer times is desired. As the front time is of concern in most applications, inclusion of just the first two terms of (1) and (2) should be sufficient, considering the elegance, simplicity, and economy in computation time of the method described. The step response of a dc superconducting cable to transient voltages has been described using the Laplace transformation technique, taking into account the transient impedances of the cable conductors and earth.
2.
Transient voltages will not stress the major dielectric of the cable system to its full BIL capability.
3.
Surge protection, cable design optimization, and system coordination will be required to limit transient voltages across the cryogenic enclosure of the cable. 
